Introduction
There is a high incidence of foot and ankle disorders in society (1, 2) . The estimated prevalence of plantar fasciitis (PlaF) is about 10% (3), prevalence of hallux valgus (HV) is 30% in females and 13% in males (4) , and prevalence of pes planus (PP) ranges between 15% and 20% (5) . Foot disorders and their related symptoms may lead to functional limitations. Self-reported outcome instruments can provide valuable information about patients' impairments and functional limitations. Several instruments have been adopted for foot and ankle disorders in clinical evaluation and outcome measurements of treatment and research, with variable evidence to support their use. Of these instruments, the American Orthopedic Foot-Ankle Society Score, Foot Health Status Questionnaire, and Foot Function Index (FFI) are often recommended for use in the literature (6) (7) (8) (9) (10) (11) (12) (13) (14) .
The FFI is one of the most frequently used questionnaires. It consists of 3 subscales with a total of 23 items evaluating foot pathology, pain, disability, and activity limitations (2, 15, 16) . The FFI was initially developed as a specific questionnaire to evaluate pain and functional ability in patients with rheumatoid arthritis (Appendix 1) (15) .
The FFI and FFI-R (revised) (16) have been widely used in many studies for more than 20 years. These instruments have been applied to more than 4700 participants worldwide, with 20 different foot and ankle disorders. The validity and reliability of the FFI in terms of different pathologies have been investigated in various languages, and the results are mostly satisfactory (2, 6, 7, 10, 13, 15, 16) . The first translation of the FFI was into Dutch. The internal consistency, construct validity, and reliability were evaluated in 206 patients with forefoot pain (13) . It has been translated and adapted into various languages, including Taiwan Chinese (7), German (10), Turkish (17), Brazilian Portuguese (14) , French (6), Italian (8, 11) , and Spanish (12) . The FFI has been reported to be compatible with the SF-36 in assessing foot and ankle problems and to be useful for assessing patients' quality of life (18) . Yalıman et al. translated and adapted the FFI into Turkish in a study of 20 patients with PlaF in 2014 (Appendix 2) (17).
The aim of our study was to assess the psychometric properties of the Turkish version of the FFI in patients with PlaF disorder, HV, PP, and hammertoe (HT) deformities.
Materials and methods
This study was carried out at Başkent University and Ankara Yıldırım Beyazıt University in Turkey. The protocol was approved by the Başkent University Ethical Committee (No. KA12/204). Participants were asked to sign informed consent forms. One hundred and fifty-nine native Turkish-speaking patients with foot disorders were enrolled. Foot disorders included PlaF disorder and HV, PP, and HT deformities.
Inclusion criteria were presence of foot and ankle disorder including PP, HV, PlaF, or HT, and the ability to read and write in Turkish. Patients using antiinflammatory drugs in the previous week and/or receiving orthosis for foot/ankle problems, receiving physical therapy in the preceding month, having a history of knee or hip injury, having psychological, mental, cognitive, or vascular problems, having neurological problems such as brain injury or systemic diseases such as rheumatoid arthritis, or having a history of foot and ankle surgery were excluded.
The demographic questionnaire elicited sociodemographic data such as age, sex, height, weight, occupation, dominant side, and type of deformation (Table 1) .
The FFI is a self-administered questionnaire consisting of 3 subscales: pain (9 items), disability (9 items), and activity limitation (5 items), containing 23 items for assessing patients with foot diseases (15) . The pain subscale (PS) evaluates the level of foot pain in various situations. The disability subscale (DS) investigates difficulty in performing various activities due to foot problems. The activity limitation subscale (ALS) shows activity limitations due to foot problems.
Higher scores on the FFI indicate weak foot health, more intense pain, or greater limitation. The lowest and highest scores indicate no limitation and maximal limitation, respectively.
Patients scored each item from 0, the lowest score, to 10, the highest. If a specific status or activity did not apply, patients were asked to mark that question 'N/A' (not applicable). If they considered that some items did not describe their particular situation, they left those blank. These items were excluded from the calculation of the final index score. There is no consensus in the literature concerning calculation of final patient FFI scores. Agel (9) obtained subscale scores by calculating mean values of all items in a subscale, but reported no total score. Wu (7) made no reference to score calculations. Martinelli (8) calculated the pain and disability scores by dividing the sum of subscale items by the maximum possible score, and then multiplied this by 100. Pod (12) rounded the scores up or down following multiplication by 100. Total score calculations for the FFI-TR were obtained by adding all items and converting the total scores to a scale of 100. For subscales, additional scores were determined by calculating the mean scores of items in the corresponding subscale.
SF-36 was divided into 8 subscales: Physical Functioning (PF), Role-Physical (RP), General Health (GH), Vitality (VT), Bodily Pain (BP), Social Functioning (SF), Role-Emotional (RE), and Mental Health (MH). The SF-36 item scores were then aggregated into 2 main scores: the Physical Component Scale (PCS) (sum of the PF, RP, GH, and BP scores) and the Mental Component Scale (MCS) (sum of the VT, SF, RE, and MH scores). The higher the score (range between 0 and 100), the better the perceived health level. These scores were used to examine the criterion validity of the FFI (8, 10, 14) .
Permission to investigate the psychometric properties of the Turkish version of the FFI questionnaire was received from Elly Budiman-Mak, MD, MPH, MS (15) .
The assessment participation period lasted 8 days, during which participants were evaluated 3 times. All participants were asked to complete the SF-36 and FFI-TR on day 1, and the FFI-TR again on days 3 and 8 (final). The participants received no treatment during the questionnaire application procedure.
Statistical analyses
All statistical analyses and calculations were performed using the Statistic Package for the Social Sciences software (IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY, USA). Distributions of continuous variables were evaluated using the Shapiro-Wilk test.
The instrument measurement properties included internal consistency, test-retest reliability, construct validity, acceptability, accuracy, ceiling and floor effects, and discriminant and convergent validity.
Reliability was evaluated with internal test-retest and consistency. Internal consistency and the correlation among items of the FFI-TR and the total score for each subscale were measured using Cronbach's alpha. A Cronbach alpha value from 0.70 to 0.95 is considered to be sufficient (19) . Test-retest reliability was evaluated using the intraclass correlation coefficient (ICC). Values of 0.4 or greater were considered sufficient (20) .
Internal consistency: "Cronbach alpha" (≥0.70), "Corrected item-total correlation" (≥0.30), and "Cronbach alpha if item deleted" (≥0.30) values were calculated for the total FFI-TR and the subscales thereof.
Reproducibility: the ICC (two-way mixed effects of ICC for absolute agreement) and its 95% confidence interval were analyzed for the 3 applications, and for the first and third applications.
Construct validity was examined using factor analysis with principal component extraction and varimax rotation. Factor loadings, Bartlett's test result, and the Kaiser-Meyer-Olkin measure of sampling adequacy were calculated.
For discriminant and convergent validity, correlations between FFI-TR scores and SF-36 scores were evaluated using Spearman correlation analysis.
Range, mean, and standard deviation, median, floor and ceiling thresholds (maximum taken as 15% for both), skewness, and kurtosis measures were calculated.
Accuracy was evaluated using standard error of measurement (SEM) and smallest detectable difference (SDD). ICC was used to calculate SEM.
FFI-TR and SF-36 scores were compared across deformation types using the Kruskal-Wallis test, and pairwise comparisons were performed using the MannWhitney U test with Bonferroni correction.
Results
Demographic features are given in Table 1 . The sample size was adequate (KMO measure: 0.895) and the items were suitable (Bartlett's test of sphericity: P < 0.001) for factor analysis. During factor analysis, 4 factors with eigenvalues greater than 1 were extracted, explaining 73.13% of the total variance (Table 2 ).
Factor analysis was performed again with the restriction of 3 factors. This resulted in 67.62% of the total variances being captured. The new factor loadings are shown in Table 3 . Five pain, 3 disability, and 1 activity limitation subscale items were loaded as different factors.
Mean PS, DS, and ALS scores were 25.50 ± 12.88, 24.43 ± 17.34, and 10.38 ± 12.92, respectively. The distributions of total and subscale FFI-TR scores are given in Table 4 . Skewness and kurtosis were too high, and there was a ceiling effect for ALS.
Cronbach's alpha ranged between 0.821 and 0.938 for the total and subscales of the FFI-TR. The FFI-TR demonstrated a perfect internal consistency with Cronbach's alpha values (Table 5) .
Good accuracy was determined for all FFI-TR scores, since all SEMs were less than ½ × SD. The smallest detectable differences (SDD) were 3.44, 7.74, 5.89, and 5.31 over 100 for total score and subscales, respectively (Table 5) . ICC values were similar for all evaluations (T1, T2, T3) and 2 evaluations (T1-T3). The ICCs of 3 applications were between 0.960 and 0.985, while the ICCs of the first and third applications were between 0.953 and 0.985 for the total and subscales of the FFI-TR (Table 5) .
There were no missing data for any FFI-TR item. There were also no floor effects for any items or application times (Table 6 ). However, the ceiling effect was present except for items 1, 6, 9, 11, and 18.
Corrected item-total correlations were greater than 0.30 for the total scale, while correlation coefficients for items 7 and 8 were less than 0.30 for the pain subscale (Table 6 ).
Criterion validity was tested by computing Spearman rho coefficients among the FFI-TR subscales and the SF-36 summary scores. Negative correlations were determined between the FFI-TR pain subscale and almost all SF-36 scores (rho between -0.172 and -0.418). There were no correlations between the FFI-TR disability subscale and the SF-36 dimensions of general health, mental health, and mental component scores. Generally, significant correlations were very weak (|rho| < 0.30) ( Table 7) .
Median total FFI-TR scores were 42.0 for patients with PP, 34.0 for those with HV, 52.5 for those with PlaF, and 58.0 for those with HT (Table 8 ). The scores were lower for patients with HV than for those with PP and PlaF (P < 0.05). Kruskal-Wallis analysis revealed statistical significance for the pain subscale, but no significant results were observed in pairwise comparisons. Disability scores were lower for patients with HV than for the other patients (P < 0.05), while activity limitation scores were lower for the patients with HV than those with PlaF only. There were no significant differences in terms of SF-36 PCS and MCS between deformation types.
Discussion
We tested the reliability and validity of the Turkish version of the FFI in patients with foot and ankle disorders including PlaF, HV, PP, and HT deformity.
Yalıman et al. translated and adapted FFI into Turkish for 20 patients with PlaF (17) . That study involved only patients with PlaF, and not those with other foot and ankle problems. Our study investigated the reliability and validity of this Turkish version with a greater range of deformities and a larger number of patients.
Agel (9) confirmed the validity and the reliability of the FFI with patients with foot disorders. Wu (7) determined an Pourtier-Piotte (6) determined that the FFI-F items loaded on 4 factors explained 85% of the total variances. We also extracted 4 factors, explaining 73% of the total variances.
The FFI adaptation to Taiwan Chinese (7) determined moderate correlations between FFI scores and the PCS-MCS of SF-36. There were also strong correlations between the FFI Spanish version (12) and the other scales. Martinelli (8) found strong correlation between the Italian version of the FFI and SF-36, while there were weak correlations between FFI scores and the MCS of SF-36. There were moderate to high correlations between the German version of the FFI (10) and the SF-36 physical components, while the correlations between this version and MCS of SF-36 were weak. We found weak correlations between the FFI-TR and some SF-36 subscales. There were no significant correlations between the total score/PS/DS and MCS of SF-36.
Wu (7) reported that patients with PlaF registered higher PS scores and lower ALS scores. We observed that patients with HV achieved lower ALS scores compared to those with PlaF and lower DS scores.
Analysis demonstrated that the FFI-TR was conceptually in the same class as the original scale (15) , and with other cross-cultural adaptations that have been made for Taiwan Chinese (7), French (6), German (10), and Italian versions (8, 11) .
The results from the reliability and criterion validity testing were largely comparable with previous studies performed using the original English version (15, 18, (21) (22) (23) , supporting the view that the adapted Turkish version is clinically applicable to foot and ankle disorders.
In conclusion, the FFI-TR exhibited acceptable psychometric properties in patients affected by foot and ankle disorders and deformities, such as HV, PlaF, HT, and PP. The FFI-TR has good psychometric properties and is easily applied in a clinical setting.
